The combined use of a lightwand and the intubating laryngeal mask airway (ILMA) was compared with the use of the ILMA alone to determine whether the combination was a more efficient method of endotracheal intubation. One hundred healthy patients were randomly assigned to two groups. After induction of anaesthesia, Group A patients were intubated blindly through the ILMA while in Group B, intubation was guided by a lightwand. A sequence of standard manoeuvres was followed if attempts at intubation failed. The number of manoeuvres used, the time taken for successful intubation and complications associated with intubation were recorded. Intubations were successful in all patients, but the mean endotracheal intubation time was longer in Group A than in Group B (38.3±10.4 s versus 26.4±9.1 s, P<0.001). The number of patients who needed one or more manoeuvres was significantly higher in Group A than in Group B (76% versus 42%, P=0.001). We conclude that the lightwand is a useful adjunct in endotracheal intubation through an ILMA.
The intubating laryngeal mask airway (ILMA) (Fastrach; Vitaid, Toronto, ON, Canada) is a modified version of the laryngeal mask airway (LMA). It is designed specifically for both ventilation and endotracheal intubation. As a ventilatory device, the success rate is comparable to the standard LMA in most studies (95 to 100% vs, >98%) [1] [2] [3] [4] . The success rate of the ILMA as a blind intubation device is claimed to be 93 to 96% 2, 5 while that of a standard LMA is only 19 to 93% 6, 7 . Trachlight (Laerdal Medical Corporation, Armonk, NY), which consists of a flexible lightwand and a metal stylet, is also intended for intubation. When it is used alone, the success rate of intubation is quoted as 90% 8 . In most studies, however, both methods have a small but significant percentage of failed intubation, usually associated with repeated attempts. Morbidity due to repeated attempts of intubation, such as trauma to the upper airway and oesophagus 9 and risk of aspiration, cannot be ignored. Blind intubation is a dis-advantage of ILMA use, while difficulty in manipulation makes Trachlight a less popular device. The combination of lightwand and ILMA may offer some advantages over the use of either device alone. Transillumination with the lightwand at the suprasternal notch indicates the correct placement of the endotracheal tube while the ILMA may help with manipulation. Being complementary to each other, such a combination may have the potential to facilitate endotracheal intubation. Therefore, we designed a randomized study to compare the combination of ILMA and lightwand versus the use of the ILMA alone to determine whether such a combination would be more efficient. The adjusting manoeuvres used to facilitate intubation were decided after examining previous studies 5, 10 . The parameters measured are intubation time, number of adjusting manoeuvres used to achieve intubation and complications such as sore throat and hoarseness of voice.
METHOD
The study was approved by the District Ethics Committee and written informed consent was obtained from each patient. One hundred healthy adult patients (ASA 1 or 2), aged between 20 and 50 years, were randomly assigned to two groups. We excluded those patients who were at risk of regurgitation, those with upper airway obstruction, oesophageal or pharyngeal pathology, respiratory or cardiovascular disease or bleeding disorders and those patients who had a history of allergy to the drugs to be used. Group A was blind intubation via the ILMA. Group B was lightwand-aided intubation via the ILMA. The intubations were performed by a single operator who had performed 20 intubations with each method before the start of the main study. This was the learning period as reported in previous studies 1, 5 . Standard monitoring, including continuous electrocardiogram, pulse oximeter, non-invasive blood pressure and capnography, was applied before induction using a Hewlett Packard Anaesthesia Monitor. Arterial blood pressure was measured intermittently every minute. Patients were placed with the head and neck in the neutral position with one small pillow. All patients were preoxygenated for three minutes, followed by induction with fentanyl 1 µg.kg -1 , propofol 3 mg.kg -1 and mivacurium 0.25 mg.kg -1 . They were ventilated with 6 l.min -1 100% oxygen and 2% isoflurane through a circle system with soda lime using a Datex Ohmeda AS/3TM anaesthesia delivery unit until the ablation of train-of-four response to ulnar nerve stimulation. After direct laryngoscopy was performed for Cormack and Lehane grading by a second anaesthetist who had more than two years of anaesthetic experience, an ILMA was inserted applying the standard technique of insertion ( Figure 1 ). Size 3 ILMA was used for women and size 4 was used for men, which is a common practice in our population who are smaller in stature than Caucasians. The operator was blinded to the Cormack and Lehane grading.
In Group A, the position of the ILMA was confirmed by observing adequate chest wall movement and normal capnography with gentle hand ventilation. With the patient in the neutral intubating position, a lubricated reinforced tracheal tube (size 8 was used for male patients and size 7 for female patients) was inserted into the ILMA. If resistance was encountered, the ILMA was adjusted to facilitate intubation by the following sequence of manoeuvres: a) The ILMA was readjusted to the imaginary sagittal midline position and vertical lift in the sagittal plane was applied. b) Extension manoeuvre, a rotatory movement of the ILMA in the sagittal plane towards the intubator, was applied. c) Flexion manoeuvre, a rotatory movement of the ILMA in the sagittal plane away from the intubator, was applied.
Each manoeuvre was followed by gentle reinsertion of the tracheal tube. The position of the tracheal tube was confirmed by observing symmetrical chest wall movement and normal capnographic tracing. When oesophageal intubation was suspected by a lack of end-tidal carbon dioxide tracing, the endotracheal tube was removed and the ILMA was readjusted following the sequence of manoeuvres outlined above. Failed intubation was defined as intubation that was not achieved within five minutes or after all manoeuvres had been tried. Subsequent intubation was performed by direct laryngoscopy.
In Group B (Figure 2 ), the lightwand with metal stylet removed was inserted into the endotracheal tube with the tip positioned just at the bevel of the tube. The whole assembly was then loaded into the ILMA with the tip just protruding out of the epiglottic elevating bar so that the light could be visible. The loaded ILMA was then inserted using the same technique. The ILMA was manipulated using manoeuvres a) to c) and midline position was ensured by the transillumination. When a bright transillumination was seen at the prominence of the thyroid cartilage, the endotracheal tube and the lightwand were then advanced into the trachea. The lightwand was then removed and the patient was manually ventilated to check for capnography and chest wall movement.
Endotracheal intubation time was recorded by an independent observer using the timer on the anaesthetic machine. It was defined as the period of time starting from the insertion of the ILMA to the reappearance of carbon dioxide from the endotracheal tube. After confirming the correct position of the endotracheal tube, the ILMA was removed by using a standard "pusher".
Age, weight, height, gender, vital signs (blood pressure, heart rate and pulse oximetry), Cormack and Lehane grading, ILMA size, number of adjusting manoeuvres, endotracheal intubation time and complications associated with intubation (sore throat, hoarseness of voice) were recorded.
The results were considered statistically significant 
RESULTS
The demographic data and other results are summarized in Table 1 and 2. There was no difference in the age, gender distribution, body weight, height and ASA gradings between the two groups ( Table 1 ). The distribution of Cormack and Lehane gradings was also similar between the two groups ( Table 1) . Neither group had failed intubation in the main study. (However, two failed intubations occurred in the blind intubation group during the learning period.) Endotracheal intubation time was 38.3±10.4 seconds in Group A which was significantly longer than 26.3±9.1 seconds in Group B (P<0.001, power analysis=1.0). A significantly lower number of patients were intubated in the neutral position with no manoeuvre in Group A than in Group B (24% vs 58%; P=0.001, Chi-square test, power analysis =0.89). There were two oesophageal intubations in Group A, while there were none in Group B (P=0.153). (Six oesophageal intubations occurred in Group A versus none in Group B during the learning period.)
As for the morbidity associated with intubation, there was no significant difference in the incidence of sore throat, hoarseness of voice, sensation of dry throat or "something in the throat" and mucosal bleeding between the two groups. Sensation of dry throat and "something in the throat" were complaints volunteered by the patients. Mild mucosal bleeding was found in 14% of patients after removal of ILMA (Table 2 ).
DISCUSSION
We found that endotracheal intubation was successful in both groups, but the use of a lightwand made endotracheal intubation with ILMA easier. Besides faster accomplishment of endotracheal intubation with fewer attempts and adjusting manoeuvres, oesophageal intubation was not encountered in the group with the aid of a lightwand.
The rate of successful intubation in our study was higher than previously reported studies using ILMA or trachlight alone 2, 5, 11 . A number of factors might have contributed to this. All the intubations were performed by the first author who had performed 20 intubations with each technique during the learning period. We excluded patients who were considered potentially difficult to intubate. All patients in our study were anaesthetized and paralysed. The manoeuvres used might be another factor that increased the successful rate of intubation. During the learning period, we found that the most useful manoeuvre was vertical lift, which was confirmed in this subsequent full-scale study. The exact mechanism by which vertical lift increased the success rate of intubation is unknown. Some postulations could be made. The size of ILMA was one size smaller than that used in other studies 5, 12 . The smaller-sized ILMA tended to slip dorsally and caudally into the oesophagus. The aperture of the ILMA would be more likely to be facing the aryepiglottic folds of the larynx. Vertical lift might approximate the aperture of the ILMA to the laryngeal opening, thus facilitating the placement of the endotracheal tube. There was no need to change the size of the ILMA in our study. Further studies are needed to define the most appropriate manoeuvres for intubation with ILMA. A significant advantage of using the combination is the lower incidence of oesophageal intubation. This was more obvious at the beginning of the learning curve. During the learning period, there was an incidence of 10% failed intubation and of 30% oesophageal intubation in Group A but no such incidence in Group B (Table 3) . Repeated oesophageal intubation is undesirable and could lead to oesophageal rupture 9 . Thus the use of a lightwand as a visual guide may be potentially safer, especially when experience in using the ILMA is limited.
There were several limitations in this study. Firstly, it was not possible to achieve a double-blind study. Although the patients were randomly assigned to each group by drawing lots, the intubator knew which group the patient was allocated to. To minimize bias, an independent observer was employed to record the endotracheal intubation time. As for the recording of the endotracheal intubation time, the recorded time might be longer than the real time due to the time lag between the ventilated breath and the appearance of carbon dioxide tracing.
From the results of our study, we think that the use of the ILMA together with a lightwand may have a role in routine intubation, although the use of the ILMA for intubation had been intended for the management of patients with potentially difficult airways. Firstly, the intubation time is comparable with intubation by direct laryngoscopy. Secondly, the success rate of intubation is high (100% in our study), and some complications associated with direct laryngoscopy, such as dental injury and trauma to the lip, may be avoided. Thirdly, since the head and neck can be maintained in the neutral position throughout the whole process of intubation, it may be a safer method of intubation for patients with unstable cervical spine 13 . Further clinical studies are warranted.
To conclude, this study demonstrates that endotracheal intubation using a combination of ILMA with lightwand guidance is faster, probably safer and easier-to-learn than blind intubation via an ILMA. 
